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~ONDESTRUCTI’VE ASSAY MEAS’LTRE~MEIWS OF =Xp RdLDUl’ 1[Eu BUILDING K-33 

SuMMtiRY REPORT 

. R. W. Brandenburg, D. A. Hyde. 8. J. CampbelI 

NTRjIlDUCTION 

In support of the K-25 Sire Facilities operations, a nondeszuctive assay (NDA)’ survey was conducted in 
Building K-33 at the Oak Ridge K-25 Site m Iocaut and quantify &dual =‘7Np deposits which may 
present a uansuranic handling ~O~C:ITL lb ?Ol pcP*ent of the K-25 Sire Technical Division 
pe&med the ?Vp mtzaUem ents during April, May, and June 1993, 

Neptunium was inrroduced into the enrichment casc3de along with uranium in the form of mctot rem. 
Reactor refurns are the urankm rcSOvtrcd by chetrli~ pnY$&ng of spent rucmr fuel. The rieptunium 
created in the ~eac~c fbef is noC campkre!y rtmoved in the pruc=sshg of the ‘spent fu?I and some will 
remain in the martial fed back ~IICU tile ca~cadc Smitfi’ and Baile? have when reports discussing the 
hisrop of rercLOr rcnuns f& at the Paducah Gas~us DiEtdon Plant (PGDP) and Oak Ridge Gaseous 
Diffusion Plant (ORGDP). Details in the two repm diffkr, bur in genezzl it can be said r.bat reactor 
returns were fed to rhe ORGDP (now the K-25 Site) 2t vzkous tks tirn thC 1950s through the early. 
1980s. Virtually all of cbe returns fed before 1970 were thorn piuronium production rezcrors at Hanford 
and Savannah River. Afkr 1969, terror remrns from France and E.ngiand were also fed. into the cascade. 

Pocencially both neptunium and pIutoniurn were koduczd into the cascade in the reactor reams. 
Uranium. neptunjum. and plutonium all form bextiuoride compounds, but the stability of the compaunds 
difim vt!y. Upon contact with the metal walls of the cquipmenr, each of the compounds is reduced 
to cenafl uoride or other compounds wfiich are not vofasile at cascdc rempcram~ and pressures. Uranium 
hexafluoride is more stable than either plutonium or aepnmium hcxafluoride. Plutonium hexafluoride is 
.rnust readily reduced to pluronium teaarluoride by contact with metal walls and rarely got tiher inro the 
cascade than the initial feed piping. Neptunium hexafiu’uoride is 1esskadiIy reduc4. While conccnaared 
in the immediate area of the fzed pain% nepnrnium q-cad throughout the casczuk. 

Baile)’ calculated th 
returns. A large 

ere rectived at the ORGDP in the form of reactor 

into tie cascade. The quantities fed into the cascade are esnmated to b 540 g ‘Hp 
um~aintziinthe~~an 

Work perfarmed at PGDP’ and ORGDP’ showed that neptunium hexafluon rea ~ reacted WE proc%s 
equipment St&aces and uranium compounds in the synem and, when reduced, formed compounds that 
are not volatile in the range of cascade operating temperawes. Those compounds were found to be 
present as dust on the su&tccs of equipment removed from the cascade. These dust particles did IIOC pass 

through the barrier tubes, bur were cranspdrred in the B process srrcam and tended to collect or settle out 
in the sragnanr reg~~_~~L.T3e aep~luniunt-he~tlorjderhaLha4por bezn reductd gradually worked k way - 

I”throtn$out the cascade. Sampling’ of product and tails cyl$&?~i?ik-PGl3P-ha$ found 0n1y h;Lct 

amounts of ?$I in the product cytinden qd no detectable quaky of “Np in tail sm 
~,-----------‘-_____ _T\ -** -___-- 

Building K-23 contains eight units with ten cells in each unit. Each cell consists of eight stages conraining 
a size “000” converter and compressor. Bail+ assumed chat nt;ltfy aif of the nepnmium tint was fed lo 
the cascade was removed when the compressors and converrers were exchan_eed in the czcade 
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improvement programs. Mcasurcments show that portions of he neptunium remain in the &a& piping 
md equipment, primarily in the B-line vacuum bakncers and the reactor ret-urns fwd lines. The NDA 
survey indicates that newly ail of the comprczior B-line vacuum hal~c:rs contain deposits of neptunium. 
l?e deposits are probably composed of parklate m=er chat was swept into the vacuum balaneers 
through the connection to the curved section of the B-line pipe benvezn the control valve and the 

compressor. The B-line pipe conne:ts the B outlet OR the convener to the compressor of the PRV~OUS 
‘stage. The deposits iz the reactor ret~rtls feed lines XC a IESUII of the reduction of the neptunium 
hexafluoride through contact ,with the pipe wails. 

MEASUREMENT APPROACH 

The measurement survey consisted Of two major components: (I) isotooic manuing to identify locations 
where neptunium was present to estabkh the extent of the spread of the .neprunium throughout the 
building and CO establish the do bf “‘Np to uranium at each lodon and (2) cruanritative mezmrement 
or’ the uranium contained in the deposits with the highesz coac+uatioa of 94~. The quantity of =?Jp 
in each of the quanriraciveiy meanrrrd deposits was calculated from the mtxsunxi quantity of uranium and 
the gNp-to-umnium ratio. A previousIy reported survey of Buildiig K-333 displayed rhe diiiurion of 
dereccable 3’Np in Ehe pipe gallery. Figure I ilhxmates the resuhs of that survey. .’ 

lsocopic mapping involves eollecring _eamma-ray spectra using high-resolution _-ma-ray measurement 
equipment and anlllyzing the specua to ~~UZTGII~: (1) the =%f concentrarioa in tie uranium contained in 
the measured process equipment. (2) the ratio of the mass of “?4p to the mass of uranium if neptunium 
is present, and (3) the presence of other ~SOKI~~S which ~5n inrcrfece with quantizative ?4DA meastuem~ts 

ti 
(e-g., 7.j). Th e results of the analysis of the spectra collected througbaut the building were used to map 
the distribution of -?Gp in the building. The quaslticatie m ezzuranents were aiso made using high- 
resolution gamma-my m~urcment equipment. While spectra cokued far the purpose of isotopic 
mapping are collected as close as possibfe to the m-red item to minimize the dam collection time. 
quanritative measurements must be made with the detector farther away tirn the measured isem to reduce 
geometricat effects of -he disuiburion of the deposit in the item. More efiicienr low-resolution equipment 
could not be used because the gtima rays fium the =‘Np and 32U in. the deposits interfere with the 1’U 
me3surement. 

L 

RESULTS 

I-iighh-resolurion gamma-ray spectra were coIlec~eci at 266 locations far isotopic mapping purposes. Spectm 
taken early in tie progmm indicated that the B-line vacuum balancers were likely places to find z7Np 
conc:nttations. The vacuum balnncers have rehxively thin walls and are uniform throughout the whole 
cascade except for Stzge 8 in each c=il_ Tbereforc, measurement of the equivalent vacuum balancer in 
each ceil gave a picture of the disrribution of the =‘Hp in the cascade. AS shown in Fig. f the vacuum 
balanccl-s are cylindrical with a diamerer of 3 I in. and a height of 12 in. The convO~U~0~ which d10w 

for expansion are covered with a aeel boot. The diamner including the boot is 38 in. Figure 3 shows 
the results in pm per mifIion T4p relative to the total uranium from the specuz of the Stage I vacuum 

balanctr in a11 80 cells in the building. In addition, spectra wet-e colleizd from the vacuum k&nCe~ in 
all the stages of Cells K-907,-6-6 and K-902-6-10, The higher s’Np concrnuations in these ceils imPlieS 
that much of the reactor reruns were fed co ctlls in Unit K-Y&6. Evidence of s’Np was found in the 
spectra collected in the reacmr returns feed vaporization mom and in the feed lines comine from 4e fed 
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. 
room. Sotic seaions of the fed headers in the reactor returns feed vaporization room and the pipe 

L 
@leties were not accessible for isotopic mapping. Of the 266 specm 160 showed deteccabte quantities 
of “%p. 

According to R. R. Redmond of the He&h Physics Department transurvric release limit for surfacs mllft 
be followed for deposits if the mio of the disintegration rate of the uranium to the disintegration rate of 
the mnsumnic component (e.g.. ‘-‘Pip) of the deposit is I&s than 50. For &borne ;TlaeiaL he 
vansuranic release limit is a uranium-to-tmnstmm’ 
mapping of Building K-33 Found 13 ckposi~ with 

IC ~disintegration ratio of less than 300. The isotopic 

a do of less than 50 and 55 deposits: with a ratio of 
less titan 300. Mea of the deposits with signifkant uranium-w-?4p diitegxation ratios were e&er 
reactor retllflxs feed Lines or B-line ~acmn b*c=s. All of tie deposits with ratios less tfian 85 ww 

quantiracivefy maured with the cxcxption of OIIC deposit h the ana of the Unit 3 to Unit 6 crossover. 
Four vacuum balancers and an evacuation line erossov~ with radios between 85 and 300 *.vere rnaur,* 
and t.hrez vacuum baIanctn.wich large uranium deposits but ratios higher than 300 were measured. While 
time did not allow for mezwement of ail items with ratios less than 300, as many as possible were 
measured in rhe time adable. 

Table L summarizes the results of ‘tie quantitie m=uremmts on 14 B-line vacuum balancen. 
EsGmared quantiries are given in gzuns for the uranium and “‘U and. milIi_erams for =‘Np. -Table :! 
summarizes the results of the quanricative mea~~rermx~ on the feed headers and other pipes. Figures .J 
and 5 illustrare the location df the quanrirativeiy measured de&s in tie A ‘and B feeod huders. (me 
figures are not to scale.) tk.r one loc3tion. the A and C fexd besders we too ctose together to be 

measured se;laratcly, but most of cbt deposit appured fkom scanning dara to be hi the A fezd header. An 
esrimaced total of about 750 mg “Np was found in ah of the deposits m-d. In addition. tracz of 

L#J 
:;‘Yp were indicked in NO compresson and six conveners ia Units k-9024, K-902-6, and K-902-8. ne 
uranium-to-“?up disinte_@on mtio in the comptcssor in K-9026-10-7 is esrimaed to be 122_ Time did 
nor permit a complete survey of al1 compressor and converrers. Indicarions of 3’Np were found in both 
coolers for the evacuation boosrer station. &zapoIacing over the enrire building gives an estimated 
maximum of between 1 and 2 g “‘Np remaining in Building K-33. 

YC indication of plutonium has bezn found in any of the 266 speeua collected in Building K-33. 

CONCLUSIONS AND RECOM.M?3DA’I-IONS 

Conclusions drawn from the isotopic mapping are as follows: 

1. . Concentrations of “‘Np are grutest in the fed lines both in the fetd vaporization room and in the 
pipe gallery on the cell floor above the feed vaporization roam. 

3. Widrin the cascade. “‘?ip conctnnations are highest near the fked poinrs. with deposits of x%p 
present in ail of the 640 stages in Building K-S. 

2. The compressor B-line vacuum bahcers contain the highcsx conccnuations of “Np in the buildins 
outside the feed iinq but the mass of the deposits is small. 

a. ?Jp is &a present in the evacuation baoscer stations and scme of the evacuation piping. 
5. No “‘Xp was detected in the se4 e.uhausr piping, the chemical trap area. or the cold tecoveF area. 
6. Neasuremenrs of the two cobalt difluoride traps and the piping in the mop prehezxer room indicxed 

the present: of uranium but did nor derect %p, although deposits of Wp were found in the feed 

L: 
line piping immediately do- from the rmps. Therefore. the cobah difluoride uapping facilities 
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in the reactor returns feed vaporization mom apparently were inefFective in removing 37~p from he 

feed serem. 

The quanricarive resuks support the asumption char most of the “%p was rcnoved lk~rn the cascade when 
converters and compwson were replaced during che wcade impmvement programs. Although &e 

. quantities any smak high COfl~~~~Ons ofqp d ErTlahl ii the EWJOC returns feed lines in ihe feed 

vaporization room and in the f’d b piping going to Ihe cdl floor. The B fed line laying he ft 
vapo+ation room contains more than 80% of the nip found in this survey. * Millie quantities of 
“‘+Jp are found in the B&e VaCuUm b&ncen in hXOS di of the 640 stages in Building K-33. previous 
e.rpericnce’ indicates that small qwria’es of ?‘@ ~~Iow measmabIe limits can be expected as a thm layer 
of dust spread on the inner smfks of piping and equipment throughout the e&c building. Simx the 
‘f7N P was detected throughout the entire K-33 building it is nzsonable to assume that same ?$I may 

have moved to Building K-3 1. Some mc3uvtm e~~ts should be performed in K-3 1 to determine if x’Np 
is present in Iarge enough concen~on to require a eanpltte nv~ty of,the building. Build’mgs K-13 1 
and K-1 13 I * which were used a~ fezd buildings, and Building K-1410, which at one time was used to 
anvert reactor returns oxide to hcxafluoride, sfiouid tx survqed fk the presence of Wp. If ??+?p is 
found in any of these buildings, the tie YES from these building to the casfade should also be surveyed. 
AlI W6 cylinders which were used for transf’ of ~UCZO~ returns have the potential for taro,e 
concenn-xio~ of ‘.Tz\rp, because as much as 75% of the ?Np of the rVslor nzxums wz not &u-&erred 
to the cascade. Building- K- 1420. is currently being nuveyed by the M)A Deparkmerm Pniiminary &ra 
indicate Ibat &e cylindef wash station in K- 1420 has a si~nifkanr.concanuation of: “%p. ?$I WY found 
in be autociave area of Building K-1 412 when it WE survey& in 1991.’ 
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Fig. 2. Diaprn or’ Typic4 B-Line Vacuum Bhncer 
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Fig. j cJonctnnazion OF 3’Hp in bee I B-Line Vacuum Balanczr~ 
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Table I. R~suI~s of NDA ‘%p survey of B-Line Va&~ Balancea 

September 8. i99j 

-- 
I_ 

Location 

K-902- I -9- 1 - 
- 

K-902-2% I 

K-902-2-9- I 

K-902-5- I-I 

K-902-6-2-t 

K-902-64-1 

K-902-6-6-1 

K-902-6-6-3 
- 

K-902-6-7-1 

K-90",-6-8-l 

K-907,-6- lo- I 

K-907,-6- 1 O-3 
-_ 

K-901,-6- 1 O-5 
-. 

K-9026- 1 o-7 
-._ - 

Total 

U?Np 1J Uranium Wp 
(dps ratio) (Z (g) m?$ 

1,347.a 53 913 0.3 . 

143.8 2.1 388 I.3 

lJ97.4 6.8 1,224 0.5 

1,426.4 8.8 1,018 0.4 

75.9 I 0.7 I 75 I 0.5 

33.8 02 1 20 0-i 

46.1 0.5 I 58 1 0.6 

’ 67.4 1 13 1 136 I.0 

157.6 1 1.3 1 1 0.4 
-- 

139.5 I.5 159 I 0.6’ 

81,8 1 0.9 1 101 1 0.6 

88.i 0.6 71 1 0.4 

11.8 0.1 I3 I 0.6 

m I 303 I 4,374 I 8.1 

, 

. 
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Table 2. Results of MIA “‘Np Survey of Piping in Building K-33 

-.LI 

/ . Dim*cr Figure taullon U:‘?vp Uranium :,- G . 

l_OdOll D~mtnlon Ikb 

hi@ I 
fin.) 

IP 
Numb& of Deposit 

- (dps ndo) _ 

1 .7qJ I 
I&) (91 tmgl 

- 

. 

Vuud Duel A;UldCkd 4 48 4 I Il.9 7.9 ’ . 888 39 
Gem Feed Hcxkr 

Room 00 Pipe 1 j 

Gilll~ B Fed He&r 4 48 4 2 0.7 0.7 117 81’ 
flOPI 

B Fed Header 4 46 I 4 5 0.6 

2.1 
I 

328 286 
tBoaom) 

Rcalxar Lines *hl LDwcr 1 
Rtwns Fed 

a I I I w 5.6 
OUCC I 

I.4 180 16 

V~tmoOll 
Roam Lines Leaving I _ 63.8 3.7 519 5 

Cof, Tmus 
4 *I 48 I I 

loul I _ I . I * I _ _ I 101.5 13.468 738 

’ Refer CO this figure for the location of the musurcd deposit 

. 

. 
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Fig. 3 Location of Measured Degosits in rhe Pipe Galfq 
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